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High accuracy of construction materials tracking with radio frequency identification technology (RFID) is challenging to achieve.
The microzoning method consists essentially of an absolute received signal strength indication (RSSI) positioning algorithm on
the basis of measuring the distance of tag from antennas base. In this paper, we analyse and examine the effects of microzoning
method on the performance of RFID tags. A system was set up whereby RFID tags and antennas with the microzoning method
were developed and studied. The performance of the tag antennas was studied with the practical read-range measurements. The
study results showed that this absolute algorithm worked reliably and was suitable for RFID applications requiring identification
of positions of onsite materials and components. The results also showed that the algorithm achieved a large read range and high
accuracy. The study investigates the RFID solutions for Australian LNG (liquefied natural gas) industry and was initiated by the
collaboration between Woodside Energy, Curtin University, and Industrial Automation Group Pty Ltd.
1. Introduction
Accurate location of LNG (liquefied natural gas) plant assets
like piping, valve, and equipment is a major issue in Aus-
tralian LNG industry. The current methods used to pinpoint
the location of set-in-place assets are useful in varying
degrees. Thus far, unfortunately, none of these methods gives
the degree of accuracy. That is, the current methods are
not able to provide accurate and comprehensive data on the
location of each asset. For example, in LNG supply chain, it
is normally a challenging task to efficiently identify, track,
and position pipes as many of the present-day applications
are still using the paper-based methods. The problems
encountered in terms of the paper-based material tracking
are getting late deliveries, missing components, and incorrect
installations, which result in additional labor and material
costs. In the current LNG practice, pipe installation activities
at the construction site normally need workers to search
paper instructions, on which the destination and delivery
information are stored. Once the instructions are produced,
they are transferred to the storage area and archived as the
layout plan for assembly workers to retrieve information
from. If the workers cannot locate the relevant information
in time, an extended search needs to be carried out at the
construction site to locate the missing component [1].
To address these issues, radio frequency identification
technology (RFID) which uses radio frequency waves to
transmit data between readers and tags is widely adopted.
RFID automatically streamlines the identification and acqui-
sition of data, without the need for direct contact between
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readers and tags. A typical RFID system includes an antenna,
a transceiver (RFID reader), and a transponder (radio fre-
quency tag) [2]. The antenna generates an electromagnetic
zone where the tag detects the activation signal and responds
by sending the stored data from its memory through radio
frequency waves.
Types of RFID tags can be active, passive, or battery
assisted passive (BAP) [3]. The active tags are equipped with
built-in batteries and work on a “tag-talks-first” principle.
Thus, their activation is not dependent on the RFID reader,
and the tags periodically transmit their ID signal. The active
tags can be detected over a long distance (>100m) [4]. The
passive tags, however, require an RFID reader to generate
the activated electromagnetic field while the tags can only
be detected in a short range (around 10–15m maximum)
[4]. The RFID tags used in the study belong to BAP, a
new classification of RFID. BAP is recognized in a new
international standard of RFID technology: ISO/IEC 18000-
6:2010 Class 3 [5]. The BAP tags do not transmit their ID,
but the tags “backscatter” the reader’s signal with their ID.
The battery in BAP is used only for powering the chip (and
hence amplifying the backscattered signal). The BAP tags
provide the same performance (>100m) as the active tags but
closer to the cost of the passive tags. Moreover, within 3-4
years the BAP technology does not need the battery to be
replaced inside the tags, whereas in case of the active tags, the
battery needs to be replaced frequently (order of days-weeks).
Therefore the BAP tags are scalable in terms of cost and can
be used throughout the entire LNG plant to cater for millions
of materials and components search. Apart from storing tag
IDs, BAP tags also support 64 kb rewritablememory inwhich
users can read/write data.
The RFID reader can be portable or fixed. The portable
readers come along with an antenna and can be held like
a hand gun. The portable readers are also equipped with a
wireless module through which they can communicate the
tag information to the server. The fixed readers need to be
connected to external patch antennas that can be mounted
onwalls or clamped on poles.The fixed readers communicate
through an Ethernet connection to the server. Fiber optic
cabling or Wi-Fi can be used for connecting hundreds of
readers to a server. This study uses both portable and fixed
readers to increase giving the flexibility of the RFID system.
2. Relevant Work
RFID has been widely deployed in variety of applications,
such as logistics [6], mining [7], air cargo [8], hospitals
[9], museums [10], retailing [11–13], and waste management
[14]. RFID has recently attracted significant attention in
construction areas such as material tracking (e.g., structural
steel members), quality control, equipment monitoring and
inspection, and maintenance [15–18].
Ren et al. [19] identify that poor materials management
typically incurs low construction productivity, cost overrun,
and delays. They further specify major contributors to such
problems, namely, lack of active, accurate, and integrated
information flow. Motamedi et al. [20] use permanently
attached tags to allow different users to share and handle
lifecycle information.
Most of the research in investigating the technical capac-
ity of RFID is focused upon the hardware study of tags
and antennas such as RFID tags and antennae [21, 22].
There has been very few research on investigating the algo-
rithm, methods, and theories on RFID implementation and
evaluation that can be applied in practice for practitioners.
Zhou and Shi [23] propose an algorithm based on a signal
propagation model to get the accurate location information
of objects. A multilateration method is formulated as the
kernel of the algorithm to maximize the accuracy of distance
measurements between RFID tags and readers. Song et al.
[24] present a method to extend the use of current RFID
technology in tracking the precise location of tagged materi-
als on construction sites. The combination of RFID and GPS
technologies, as evaluated through experimentation, presents
the opportunity of densely deploying low cost RFID tags with
GPS-supportedRFID readers to track constructionmaterials.
Park and Hashimoto [25] present a novel method using the
read time of only a few number of passive HD RFID tags
without any external sensors, signal strength measurement,
or a vision system. The experimental results show that their
method offers a modular and cost-effective way for servicing
mobile robots in indoor environment, enabling the syn-
chronized locational and orientational estimation of robots.
Li and Becerik-Gerber [26] emphasize the significance of
indoor location information in improving the utilization and
maintenance of facilities. They review 21 research projects
where RFID-based indoor location sensing (ILS) solutions
were applied in the context of algorithm design, devices, test
setup, and performance evaluation. A summary on the use of
the proximitymethod and the underlying rationales in RFID-
based ILS is made, which indicates that no single solution
satisfies the widespread deployment of RFID-based ILS.
Based on the RSSI, there are three better known local-
ization algorithms, the lateration algorithm, the minimum
maximum algorithm, and the ring overlapping circles algo-
rithm [27, 28]. Papamanthou et al. [29] examine the RSSI
measurement model for location estimation and provide the
first detailed formulation of the probability distribution of
the position of a sensor node. On the other hand, range-
based algorithms make use of the RSSI to estimate the
distance between nodes. Then, different techniques, such
as lateration [30], triangulation [31], or statistical inference
[32], are used to estimate the position of strayed nodes with
respect to the beacons. Unfortunately, RSSI-based ranging
is severely affected by errors due to the unpredictable radio
propagation behavior. Hence a RSSI positioning algorithm
with microzoning is presented in the next section.
3. RSSI Positioning Algorithm Based on
Microzoning Method
This section presents and examines the microzoning method
which consists essentially of absolute received signal strength
indication (RSSI) positioning algorithm on the basis of
measuring the distance of tag from antennas base. In this









































Figure 1: Demonstration of RSSI positioning algorithm based on microzones.
paper, we analyse and examine the effects of microzoning
method on the performance of RFID tags. A system was set
upwhereby theRFID tags and antennaswith themicrozoning
method were developed and studied. The performance of
the tag antennas was studied with the practical read-range
measurements. The aim of microzoning method is to locate
the position of an RFID tag in the given area based on RSSI
signals. In other words, this method was to measure the
distance of tag from antennas using absolute RSSI. Within
the algorithm, the position of the tag is estimated down to
predefinedmicrozones based on the reference tags.The signal
strength of the tag is compared with that of the referenced
tags, and therefore the relative position of the tag can be
estimated. Figure 1 depicts the design of method and the
layout of study usingmicrozoning. A square region is divided
into eight subzones, Zone (𝑖 = 1, 2, . . . 12). Nine reference
tags 𝑅𝑗 (𝑖 = 1, 2, . . . 9) are set in the square and four readers
Reader𝑘 (𝑘 = 1, 2, 3, 4) are fixed at four canners. A tag which
needs to be located is set in one of the microzones (see
Figure 1).
The algorithm will be described using following parame-
ters and variables.
(𝐴2𝑘−1, 𝐴2𝑘): antenna pair, 𝑘 = 1, 2, 3, 4,
𝑅𝑗: reference tag, 𝑗 = 1, 2, . . . , 9,
𝑅𝐴𝑗: RSSI of the (target) tag from antenna 𝐴𝑗,
𝑅𝐴 𝑖,𝑗: RSSI of the 𝑖th reference tag from antenna 𝐴𝑗,
(𝑋, 𝑌): position of the tag,





𝑗): position of the 𝑗th antenna,
𝑑𝐴𝑗, (𝑗 = 1, 2, . . . , 8): Euclidean distance of the tag











𝑑𝑅𝑗, (𝑗 = 1, 2, . . . , 9): Euclidean distance of the




+ (𝑌 − 𝑦𝑗)
2
. (2)
The proposed algorithm is carried out in the following 4
stages.
Stage 1 (identify the quadrant). Identify which quadrant the
tag belongs to by finding the reader with the best RSSI value
from both the antenna pair by the following:
RSSI𝑘 = max {𝑅𝐴2𝑘−1 + 𝑅𝐴2𝑘} , (3)
where 𝑘 = 1, 2, 3, 4 and is corresponded to Zone 𝑘, respec-
tively, for example, locating “Tag 1” as shown in Figure 1. The
calculation of RSSI values of antennas is listed in Table 1.
It is found that the tag is in Quadrant 1 (which includes
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Table 1: The calculation of locating “Tag 1.”
𝑘 1 2 3 4
𝑅𝐴2𝑘−1 −30 −60 −100 −70
𝑅𝐴2𝑘 −40 −70 −90 −60
𝑅𝐴2𝑘−1 + 𝑅𝐴2𝑘 −70 130 190 −130
Quadrant 1 2 3 4
Zone 1, Zone 2, Zone 3, and Zone 4). Therefore, we depend
on 2 antenna pairs to conclude if the tag is in one quadrant.
Stage 2 (identify subquadrant). Based on the differential RSSI
readings from two antenna pairs in the identified quadrant,
it can be found to which subquadrant the tag belongs to.
For example, two antenna pairs in Quadrant 1 are 𝐴1 and
𝐴2. Since 𝐴1’s RSSI is greater than 𝐴2’s, the tag is in the
subquadrant of 𝐴1 (which includes Zone 1 and Zone 4).
Stage 3 (identify zone). Based on the relative readings between
Tag 1 and the reference tags, it can be found which zone the
tag belongs to. For example, suppose the RSSI of reference
tags from antenna 𝐴1 are as follows 𝑅𝐴𝑟1,1 = −25, 𝑅𝐴𝑟1,9 =
−40, and 𝑅𝐴𝑟1,5 = −45; then it can be inferred that the tag is
in Zone 4, that is, between 𝑅1 and 𝑅9–𝑅5.
Stage 4 (identify approximate distance). Based on the relative
readings between the reference tags and the actual tag using
the distance of the reference tags from the antenna, the





where 𝑅𝐴 denotes the RSSI value of the tag from antenna 𝐴,
𝑛 is a signal propagation constant or exponent, 𝑑 is a distance
from the tag to the reference tag, and 𝐵 is the received signal
strength at 1m distance.
For example, the RSSI of Tag 1 from antenna 𝐴1 is −35,
and the reference tag 𝑅1 is at a distance 6m. Then it can be
inferred that Tag 1 is in Zone 4 at a distance of approximately
10m from the antenna 𝐴1 (green patch).
Then the approximate position coordinate (𝑋, 𝑌) of the
tag can be identified by (1) and (2).
It should be noted that the accuracy of results from Stage
3 and Stage 4 is subject to the issues caused by null effect of
radio signals.Thenull effect can be explained that due towave
nature of radio frequencies, a tag can show a low RSSI value
than what it is expected to show at a certain distance. For
example, if a tag is supposed to show −30 dbm for a distance
of 20meters, due to surface reflection, itmight show−60 dbm
for the same 20 meters. A potential solution to overcome
the problem due to the null effect of radio signals can be by
placing a second reader (antenna pair) a fewmeters above the
planned reader (antenna pair) in the same direction; we could
take the best RSSI signal out of two readers for the same tag.
The following devices are used in the experiment.
(i) Intelleflex FMR reader × 4,
(ii) Intelleflex antenna 12󸀠󸀠 patch antenna × 8 pair,
Figure 2: Graphical interface of the tracked items.
Figure 3: RFID application on the computer that lists the location
(𝑋, 𝑌) and timestamp of the tracked item.
(iii) Intelleflex general purpose tags × 10 (9 reference +
1 blind). Suggested tags for reference tags: nonmetal
tags,
(iv) some snapshots: the following figures demonstrate an
example of the graphical interface of the tracked items
(Figure 2), the RFID application on the computer
that lists the location (𝑋, 𝑌) and timestamp of the
tracked item (Figure 3), and RFID application on
the computer that lists differential RSSI, angle, and
timestamp of the tracked item (Figure 4).
4. Experimentation
Field experimentation was conducted in this paper. The test
setup, configuration, and conclusion for the test are discussed
in this section. The aim of the experiment is to find the
maximum range of tag detection and to find the relationship
between absolute RSSI (signal strength) and distance of tag
from antennas. Various factors affecting the relation between
signal and distance are listed as follows:
(i) height of tag,
(ii) angle of tag,
(iii) multipath loss or gain.
Testing sites are as follows:
(1) Packard Street, Joondalup,
(2) Elcar Park (see Figure 5),
(3) Heathridge Park (see Figure 6).
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Figure 4: RFID application on the computer that lists differential
RSSI, angle, and timestamp of the tracked items.
Figure 5: Elcar Park.
Equipment used is as follows:
(i) Intelleflex reader: 1,
(ii) 12󸀠󸀠 patch antenna: 2 pairs,
(iii) metal Mounting Tag: 1 for location purpose,
(iv) custom application software that would query two
antenna ports and log the results in a csv file with the
below given format “tagid, description, port, signal
strength.”
Test setup is as follows:
(i) two pairs of antennas are connected to a single reader.
The first pair of antennas is fixed at 2.5m above the
ground, and the second pair of antenna is fitted 3.5m
above the ground,
(ii) all the four antennas are pointed in a single plane, in
same direction, perpendicular to the ground,
(iii) the metal tag used for location is mounted on a metal
plate and held at a height of 1.5m on a steel pole.
5. Data Collection and Results Analysis
In the test site 1, the tag is read along over a linear distance
every 10m by two pairs of antennas with one pair at 2.5m
height and the other at 3.5m height. According to Figure 7,
this graph shows that the tags were detected up to a range of
130m in the centre line. When the bottom antenna goes to
a null at 30m, the top antenna provides a reliable reading;
when the top antenna goes to a null at 40m, the bottom
antenna provides a reliable reading. Thus a reliable detection
and signal strength can be obtained from nearly all the points
by using spatial diversity.




























































Figure 7: Long range detection at test site 1.
This test was conducted over a sealed road with objects
(cars) on the sides.The RFID tags were detected up to a range
of 120m in the centre line. It is possible that the objects on the
side of the road could serve as a magnifying tunnel and help
increase the range of detection. Signal magnification caused
due to objects presented along the signal path may boost the
detection range.
In the test site 2 with dual layer antenna test, tag moved
along a straight line from 10m to 40m, 2m at a time.
According to Figure 8, the signal strength does not vary
consistently with the distance for one antenna pair. Also,
there are various nulls, which indicate that the tags may not
be detected in many instances. However, by considering the
maximum of two antenna values, tags can be detected and
valid signal strength be measured at all instances.
Tag moved along centre line from 10m to 100m, 10m at a
time. According to Figure 9, it is observed that the tags were
not detected between 50mand 90m.After analyzing the park
with the help of a spectrum analyzer, the major reason for
this is traced back to the presence of strong radio interference
in the region, due to a cell phone tower in the very close
6 Mathematical Problems in Engineering

























Dual layer antenna-2m steps
Figure 8: Dual layer antenna test −2m step.























Dual layer antenna-10m step
Figure 9: Long range detection at venue 2.
vicinity of the test site. Since the cell phone tower was sending
signals in 950MHz frequency range whose strength was as
strong as −30 dBm, they were causing interference to the
RFID system.
In test site 3, according to Figure 10, the bottom antenna
shows reliable readings; however, the top antenna does not
show a reliable reading due to the presence of multiple nulls.
Thus spatial diversity of antennas will help reliably detect tags
at all distances. Location 1 had object influence and Location
2 had radio frequency interference; therefore Location 3 was
chosen to be free from both influences. An open park was
verified free of radio interferences with the help of a spectrum
analyzer and used for rest of the study. In this location, a range
of 110m was achieved.
6. Conclusions
This paper analysed and examined the effects of micro-
zoning method on the performance of RFID tags. This
experimental design aimed at demonstrating the proof of
concept in a specified area of zone. The experimentation
was conducted based on the proposed design and the test
results were promising and showing that the proposed tag
positioning (triangulation) concept is feasible (e.g., tags
were detected up to a range of 130m in the centre line).
It is observed that the error is much less for tags closer
to the centre and slightly higher for tags closer to the
edge. Still the error is found to be considerably less than
anticipated. The test results were positive with very low
error rate. It is proved that spatial diversity of antennas (two
layers of antenna, at different heights) could help reliably
detect tags at all distances (up to the maximum range)
to overcome the loss in signal strength due to multipath loss.
A significant discovery from Trials 1, 2, and 3 is
the presence of “nulls” in the radio propagation, due to
multipath loss. As a result of nulls, the RSSI value drops
considerably even in short distances. After analyzing the test
results, it was confirmed that absolute RSSI cannot be used
for calculating the distance of a tag from an antenna.
Further tests need to be conducted to test different tag
positions at different locations in square area. Moreover, tests
should also be conducted with tags at various heights from
the ground. As all these studies have been conducted with
no obstacles in place at the current stage, the major work in
future may focus on studying how this concept is applicable
when obstacles are introduced in place. A lot of challenges



















































































































































































































Figure 10: Long range detection at test site 3.
are expected in a larger zone as the accuracy of RFID system
is expected to drop considerably with the distance increase.
Moreover, a larger region may have a considerable path
loss and hence it may be necessary to use spatial diversity
(two layers of antennas). For integrating the four 𝑋 and 𝑌
coordinates of a tag that were derived from four different
corners (rather than averaging), more sophisticated methods
like statistical analysis or information theories can be used to
get better results.
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